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Machine-type Communications
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Machine-type Communications
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((( [1]: H. Ji et al., Introduction to Ultra Reliable and Low Latency

Communications in 5G, April 2017, arXiv:1704.05565v1 [cs.IT].
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Short packet implications

« Coding limitations in finite blocklength regime

Metadata eMBB data packet
Metadata [ MTC data [z

* Non-negligible control information overhead

« Considerable cost of packet detection

((( [2]: G. Durisi, T. Koch, P. Popovski, Towards Massive, Ultra-Reliable, and

AALBORG UNIVERsiTY  LOw-Latency Wireless Communications with Short Packets, March 2016,
DENMARK arXiv:1504.06526v4 [cs.IT].
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System model
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System model
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[3]: S. Nagaraj, S. Khan, C. Schlegel, M. V. Burnasheyv, Differential

preamble detection in packet-based wireless networks, IEEE. Trans.

Wireless Commun., vol. 8, no. 2, Feb. 2009.
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System model

* Point to point

« Data and ACK exchange with deadline

* One-shot (no retransmission opportunity)
« Unknown packet arrival time t

« Constant channel and known by TX & RX
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Packet structure

Preamble Superimposed sequence
sequence

DEIE]

Ryr—k =R z p;Yj+T—k > A
j=0

 Small N -> finite bloéklength regirﬁe

» Spherical Gaussian codebook
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System model (ctd.)

» Ideal (N)ACK reception and fixed structure

« Sequential receiver operation

Po=1-(1-€x)(1—e¢p)

D
~ ACK/ E
Packet NACK
A
D
y; L
A L
1T
;. N
RX o ¢
ACK/ | ¢
Packet NACK | |
T-k f .
| ) — .
| T .
' False alarm | i NACK 1
| i /:____p[!ocessmg
L T_"/,
i
False alarm
processing

«

AALBORG UNIVERSITY
DENMARK



System model (ctd.)

» Ideal (N)ACK reception and fixed structure

« Sequential receiver operation
Pe=1-(1-¢€4)(1—€p)

Decoding error

Detection errors:
 False alarm
 Misdetection
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Analysis

 PER upper bound
P, < Pr|[ega] + Prlemp] + Prlep]
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Analysis
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Analysis

 PER upper bound
P, < Pr[ega] + Prlepmp] + Prlep]
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Analysis

 PER upper bound
P, < Pr|[ega] + Prlemp] + Prlep]

 False alarm
Ry.—k >AVEkE{L ..t —1}

 Misdetection
Ry <A

» Decoding error

2N.C(P)— b+ %logz 2N, o
ep(Ne, P) = Q Yo s
(o

((( [4]: Y. Polyanskiy, H.V. Poor, S. Verdu, Channel coding rate in the finite

AaLBORG UNIversiTy  DPlocklength regime, IEEE Trans. Inf. Theory, vol. 56, no. 5, April 2010.
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Time-multiplexed preamble

« Afalse alarm can occur atany k € Sz, = {1, ...,t,, — 1}.

A= URypy (k)>

Pr[Ry ., > A] = Q( o
Y ,FA
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Time-multiplexed preamble

« Afalse alarm can occur atany k € Sz, = {1, ...,t,, — 1}.

A= URypy (k)>

Pr[Ry ., > A] = Q( o
Y ,FA

» The probability of misdetection
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Superimposed sequence T— (-1 Det. sedq.
l N Codeword

4

1. Noise inflicted false alarms when k € §z4, = {N, ..., t, — 1} T
< (t. — 2 _ N window
Priepaq] < (& N)Q<“~’RY,FA1>’ where o7, ... =-. \ v :
ty
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Packet structure optimization

* Formulate the problem as a minimization of the upper bounds on the PER

P, < Pr[egal] + Prlempl + Priep]
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Numerical results
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Optimal vs. pragmatic apoproach
10
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Conclusion and further work

Showcase the importance of
considering overhead when
transmitting short packets

Compared two packet structures

Provided an upper bound and an
approximation for evaluating short
packet error probability

* Include ACK error probability and ACK
structure

* Improve detection metric to take into account
the received signal energy
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